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CALCULATING WAVEFORM
DETERIORATION AMOUNT FOR
DETERMINING PIN PLACEMENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of
priority of the prior Japanese Patent Application No. 2010-

79628, filed on Mar. 30, 2010, the entire contents of which are
incorporated herein by reference.

FIELD

The embodiments discussed herein are related to a pin
placement determining method for determining a connector
pin placement.

BACKGROUND

Recently, the amount of information processing demanded
of digital electronic devices 1s increasing. Similarly, the sig-
nal speeds inside digital electronic devices are becoming
faster. The amount of wiring inside the digital electronic
devices 1s also increasing. Japanese Laid-open Patent Publi-
cationNo. 2009-245129 discloses amethod for automatically
determining placement of signal terminals during the design
of printed boards 1n digital electronic devices.

SUMMARY

According to an embodiment, a pin placement determining
method includes calculating a wavelorm deterioration
amount of wires from a noise amount of the wires and wiring
loss of the wires, with the wires being coupled to a connector
on a printed board. The calculated waveform deterioration
amount of the wires 1s compared to an evaluation criternia. The
wires 1n which the waveform deterioration amount exceeds
the evaluation criteria are evaluated, and corresponding pins
ol the connectors to which the wires that have been evaluated
as exceeding the evaluation criteria are coupled are replaced
with replacement pins ol connectors that have a low noise
amount.

The object and advantages of the invention will be realized
and attained by at least the features, elements, and combina-
tions particularly pointed out in the claims.

It 1s to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the invention
as claimed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a hardware diagram of a pin placement determin-
ing device.

FIG. 2 1s a block diagram of a pin placement determining,
device.

FI1G. 3 1llustrates pin placement determining procedures.

FIG. 4 1s a diagram of wiring between PIUs indicated in
connection information.

FIG. 5 1s a diagram of a netlist indicating connection infor-
mation.

FIG. 6 1s a connector placement diagram represented by a
PIU placement.

FI1G. 7 1s a diagram indicating coordinate information of a
PIU placement.
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FIG. 8 illustrates a screen for inputting basic pin placement
rules.

FIGS. 9A and 9B 1llustrate pin placements when “Adjacent
to a different wiring group™ or “Not adjacent to a different
wiring group’ 1s selected as the basic pin placement rule.

FIG. 101llustrates a screen for inputting evaluation criteria.

FIG. 11 1llustrates a method of automatically calculating
the evaluation criteria.

FIG. 12 1s a screen for inputting a printed board wiring loss
coellicient.

FIG. 13 illustrates the procedures of step S2.

FIG. 14 1s an exemplary diagram of a process to recognize
a destination PIU.

FIG. 15 1illustrates a process to recognize a distance
between connectors.

FIG. 16 illustrates a process for placing an output pin.

FIG. 17 illustrates a process for placing an mput pin.

FIG. 18 1illustrates a process for calculating the wiring
length of wires.

FIG. 19 illustrates a process for calculating the amount of
noise.

FIG. 20 illustrates a process for calculating the amount of
wavelorm deterioration.

FIG. 21 1s a diagram of processing before the step S7
pProcess.

FI1G. 22 1s a diagram of processing after the step S7 process.

FIGS. 23 A and 23B 1llustrate evaluation processing in step
S8.

FIG. 24 1llustrates evaluation processing using wavelorm
simulation 1n steps S6 to S9.

FIG. 25 illustrates a process of switching all the pins with
a wavelorm deterioration amount exceeding the evaluation
criteria with the same number of pins with less amounts of
noise.

FIG. 26 1llustrates another process of the pin placement
determining device.

DESCRIPTION OF EMBODIMENTS

The conventional method of automatically determining
positions for placing signal terminals consists of calculating
the total of the differences in signal strength between signal
terminals temporarily placed adjacent to each other on a
board, and then making the temporary placement with the
lowest total the final placement. The conventional method
does not consider signal loss and the effect of noise on the
signals when automatically determining the signal terminal
placement.

Therefore, a designer decides temporary connector pin
placements and then verifies the placement using a waveform
simulator or the like in order to determine the connector pin
placement while considering signal loss and the effect of
noise on the signals. If the result of the verification cannot be
allowed, the designer reconfigures the temporary connector
pin placement and redoes the verification.

A first embodiment of the present invention provides a pin
placement determining program, a pin placement determin-
ing device, and a pin placement determining method that can
casily decide connector pin placements while considering
signal loss and the effect of noise on signals.

The pin placement determining device according to the
present embodiment may be applicable to another device that
determines connector pin placements such as a design CAD
device or the like.

FIG. 1 1s a hardware diagram of one example of the pin
placement determining device of the present embodiment. A
pin placement determining device 1 may be configured as a
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standalone device or may be a device connected to a user
terminal and configured to be able to receive data through a
network such as the Internet or a LAN.

The pin placement determining device 1 in FIG. 1 has an
input unit 11, an output unit 12, a recording medium reader
13, a supplementary memory 14, a main memory 15, an
arithmetic processor 16, and an interface unit 17 all intercon-
nected by a bus 19.

The 1nput unit 11 1s a keyboard and a mouse and the like.
Themput unit 11 1s used for inputting various types of signals.
The output unit 12 1s a display device and the like. The output
unit 12 1s used for displaying various windows and data and
the like. The interface unit 17 1s a modem or a LAN card and
the like. The interface 17 1s used for connecting to the net-
work.

The pin placement determining program according to the
present embodiment 1s one of various programs controlled by
the pin placement determining device 1. The pin placement
determining program 1s provided, for example, by distribut-
ing a recording medium 18 or by downloading the program
from the network. The recording medium 18 recording the
pin placement determiming program may be one of various
types of recording media such as a recording medium that
records information optically, electrically, or magnetically
such as a CD-ROM, a floppy disk, or a magnetic optical disk,
or a semiconductor memory that records information electri-
cally such as a ROM or flash memory.

When the recording medium 18 containing the pin place-
ment determining program 1s set 1n the recording medium
reader 13, the pin placement determining program 1s installed
in the supplementary memory 14 through the recording
medium reader 13 that reads the pin placement determining
program from the recording medium 18. The pin placement
determining program downloaded from the network is
installed 1n the supplementary memory 14 through the inter-
face unmit 17. The supplementary memory 14 stores desired
files and data and the like, as well as the mstalled pin place-
ment determining program.

The main memory 135 reads the pin placement determining,
program from the supplementary memory 14 when the pin
placement determining device 1 1s activated and stores the pin
placement determining program. The arithmetic processor 16
implements the following processes according to the pin
placement determining program stored in the main memory
15.

FIG. 2 1s a block diagram of an example of the pin place-
ment determining device of the present embodiment. The pin
placement determining device 1 has a condition input unit 21,
a pin placement generating umt 22, a wiring loss calculating
unit 23, a noise calculating unit 24, a wavetform deterioration
amount calculating unit 23, a evaluating unit 26, and a con-
ditions DB 27.

The condition mmput unit 21 accepts mputs of conditions
such as connection information, PIU (plug in unit) placement,
basic pin placement rules, evaluation criteria, printed board
wiring loss coellicients, and the like from a user. A PIU 1s a
printed board inserted into connectors placed on a mother
board. The pin placement generating unit 22 determines tem-
porary pin placements for connector pins and switches pins in
the temporary pin placement.

The wiring loss calculating unit 23 calculates wiring length
from the temporary pin placement, PIU placement, and con-
nection information of the connectors, and then converts the
wiring length to signal loss of the wiring (hereinbelow called
wiring loss). The noise calculating unit 24 calculates the
amount of noise for each wire from the temporary pin place-
ment of the connectors and from the wiring loss. The wave-
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form deterioration amount calculating unit 25 calculates, as
described below, the waveform deterioration amount as an
index for judging wavetform quality of each wire.

The evaluating unit 26 evaluates the amount of waveform
deterioration versus evaluation criteria and evaluates the
cifect of switching the pins 1n the temporary pin placement.
The conditions DB 27 stores connection information, PIU
placements, basic pin placement rules, evaluation criteria and
other conditions mnputted by the user.

The pin placement determining device 1 of the present
embodiment 1llustrated in FIG. 2 conducts processes, for
example, according to the procedures 1n the flowchart 1llus-
trated 1n FIG. 3. FIG. 3 1s an exemplary flowchart illustrating
procedures of the pin placement determining device 1 accord-
ing to the present embodiment.

In step S1, the condition input unit 21 accepts the input of
connection information, PIU placements, basic pin place-
ment rules, evaluation criteria, printed board wiring loss coet-
ficients and the like from the user, and stores the inputted
conditions 1n the conditions DB 27.

In step S2, the pin placement generating umt 22 determines
a temporary pin placement of the connector pins. In step S3,
the wiring loss calculating unit 23 derives the wiring length
from the temporary pin placement, the PIU placement, and
the connection information of the connectors, and then cal-
culates the wiring loss from the wiring length.

In step S4, the noise calculating unit 24 calculates the
amount of noise for each wire from the temporary pin place-
ment of the connectors and from the wiring loss. In step S5,
the wavelorm deterioration amount calculating unit 25 cal-
culates the amount of wavetorm deterioration from the wiring
loss and the noise amount as described hereinbelow as an
index for judging the wavelorm quality of each wire.

In step S6, the evaluating unit 26 compares the amount of
wavelform deterioration with the evaluation criteria and
makes an evaluation. If the amount of waveform deterioration
1s below the evaluation criteria (Acceptable), the evaluating
umit 26 evaluates the wavelorm deterioration amount as
acceptable and chooses the current temporary pin placement
as the final pin placement.

I1 the amount of wavelorm deterioration exceeds the evalu-
ation criteria (Not acceptable), the evaluating unit 26 evalu-
ates the amount of waveform deterioration as not acceptable.
If the amount of waveiorm deterioration exceeds the evalua-
tion criteria, the pin placement generating unit 22 advances to
step 87, extracts the pin with the least amount of noise as a
replacement pin and replaces the pin 1n which the amount of
wavelorm deterioration exceeds the evaluation criteria with
the replacement pin. In step S8, the evaluating unit 26 evalu-
ates the effect of replacing the pin of the temporary pin
placement.

When the replacement of the pin i1s evaluated as effective,
the evaluating unit 26 returns to step S6. I the replacement of
the pin 1s evaluated as having no etfect, the pin placement
generating unit 22 advances to step S9, changes the replace-
ment pin and returns to step S8.

In step S1, the condition input unit 21 accepts the input of
various conditions such as connection information, PIU
placements, basic pin placement rules, evaluation criteria,
printed board wiring loss coelficients and the like. For
example, the condition mput unit 21 recerves connection
information on the wiring between PIUs as the connection
information. A general netlist may be considered as the con-
nection information for the wiring between PIUSs.

A conventional design CAD device may be used as a tool to
create netlists. FIG. 4 1s an exemplary diagram of wiring
between PIUs indicated 1n the connection information. FIG. 5

il
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1s an exemplary diagram of a netlist indicating connection
information. The netlist i1llustrated in FIG. 5 includes infor-

mation on net numbers and two connection terminals. The
connection terminal information included in the netlist
includes component, terminal, and input/output type infor-
mation. The input/output type 1s mformation that identifies
the transmission direction of each wire.

The connector placement on a motherboard 1s inputted into
the condition input unit 21 as PIU placement information.
FIG. 6 1s an exemplary diagram of the connector placement
indicated by the PIU placement. FIG. 7 1s an exemplary
diagram indicating coordinate information of the PIU place-
ment. As illustrated 1n FIG. 7, the PIU placement may be
represented as, for example, reference point coordinates set
for connectors.

Furthermore, basic rules to reduce noise are inputted 1nto
the condition input unit 21 as basic pin placement rules. FIG.
8 1s an exemplary diagram of a screen for mnputting basic pin
placement rules. In FIG. 8, a user 1s asked to select “Adjacent
to a different wiring group™ or “Not adjacent to a different
wiring group’ as the basic pin placement rule using a check
box. Items for determining wiring groups include wiring
(signal) transmission direction, type of connection element
(transmitting and reception elements), destination PIU, and
the like.

FIGS. 9A and 9B 1illustrate examples of pin placements
when “Adjacent to a different wiring group” or “Not adjacent
to a different wiring group™ 1s selected as the basic pin place-
ment rule. FIG. 9A illustrates the pin placement when “Adja-
cent to a different wiring group” 1s selected. FIG. 9B 1llus-
trates the pin placement when “Not adjacent to a different
wiring group’ 1s selected. For example, different wiring
groups are adjacent to each other in FIG. 9A. Alternatively,
different wiring groups are not adjacent to each other in FIG.
9B.

Furthermore, the condition mnput unit 21 receives the imput
ol evaluation criteria for accepting or not accepting the pin
placement as the evaluation criteria as 1llustrated in FIG. 10.
FIG. 10 1s an exemplary diagram of a screen for inputting
evaluation criteria. In FIG. 10, the user 1s asked to input
evaluation criteria for the amount of wavetorm deterioration
taking 1nto account both wiring loss and the amount of noise
as evaluation criteria 1n a dialog box.

The evaluation criteria can be used for automatic calcula-
tion as 1llustrated in FIG. 11 from an output amplitude (rated)
ol a transmission element and an 1nput amplitude of a recep-
tion element (rated). FIG. 11 illustrates an exemplary method
of automatically calculating evaluation criteria. In FIG. 11,
the difference between the output amplitude of the transmis-
sion elements and the mput amplitude of the reception ele-
ments 1s calculated in decibels (dB) and the result 1s set as the
evaluation criteria for the allowable amount of waveform
deterioration. A method of automatically calculating the
evaluation criteria illustrated 1n FIG. 11 may be represented
by the following equation (1).

(1)

Decision criteria (dB) for determining

amount of waveform deterioration

N0 ] g( mput amplitude V) of reception elements ]
X
° output amplitude(V) of transmission elements

Furthermore, the condition input unit 21 receives the
printed board wiring loss coetficient as illustrated in FI1G. 12.
FIG. 12 1s an exemplary diagram of a screen for inputting the
printed board wiring loss coelficient. The printed board wir-
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6

ing loss coelficient 1s a coelficient for converting printed
board wiring length to signal loss of the wiring. The units for
the printed board wiring loss coetlicient in FIG. 12 1s dB/m.

In step S2, the pin placement generating unit 22 determines
the pin placement according to the mputted basic pin place-
ment rules. The pin placement generating unit 22 determines
the temporary pin placement with the smallest straight line
distance from connection distances between connected PIUSs
ranked according to physically large distances. For example,
the pin placement generating unit 22 determines a temporary
pin placement of connector pins according to the tflowchart
illustrated in FIG. 13.

FIG. 13 1s an exemplary flowchart illustrating the proce-
dures 1n step S2. In step S11, the pin placement generating
umt 22 recogmzes the destination PIU. In step S12, the pin
placement generating umt 22 recognizes the distance
between the connectors. In step S13, the pin placement gen-
erating unit 22 places the output pin according to the basic pin
placement rules. Furthermore, in step S14, the pin placement
generating unit 22 places the input pin according to the basic
pin placement rules.

FIG. 14 1s an exemplary image of a process to recognize a
destination PIU. The pin placement generating unit 22 rec-
ognizes the PIU connected to the corresponding connector
from the mputted connection information. For example, inthe
example 1llustrated in FIG. 14, the destination PIU 1s recog-
nized from the destination connector (3) connected to the
corresponding connector (2).

FIG. 15 1s an exemplary image of a process to recognize the
distance between connectors. The pin placement generating
umt 22 recognizes relerence point coordinates set for the
corresponding connector and the destination connector from
the coordinate information illustrated in FIG. 7 for all the
destination connectors recognized from the mputted connec-
tion information (e.g., a netlist), and then recognizes a
straight line distance between the reference points of the
corresponding connector and the destination connector as the
distance between the connectors.

FIG. 16 1s an exemplary image of a process for placing an
output pin. The pin placement generating unit 22 makes a
temporary placement of an output pin in order from connec-
tors with long distances therebetween recognized 1n step S12.
The pin placement generating unit 22 assigns the correspond-
ing signal to a corresponding pin (the pin indicated with a
double circle in FIG. 16) of the corresponding connector with
the shortest straight line distance to the reference point of the
connector (destination connector) of the destination PIU.

The pin placement generating unit 22 evaluates whether
the adjacent pins are input or output types 1n the determined
temporary pin placement when “Not adjacent to a different
wiring group’” (for example, signal transmission direction) 1s
selected for the basic pin placement rules. The pin placement
generating unit 22 cancels the candidacy of the corresponding
pin i the corresponding pin and the adjacent pins are different
input/output types, and then searches for the next candidate
using the same method.

FIG. 17 1s an exemplary 1image of a process for placing an
input pin. Siumilar to the process described above for the
output pin, the pin placement generating unit 22 makes a
temporary pin placement of an mput pin in order from con-
nectors with long distances therebetween recognized 1n step
S12. In FIG. 17, output pins and input pins and the like are
represented as placement prohibited pins when “not adjacent
to a different wiring group” (for example, signal transmission
direction) 1s selected.

In step S3, the wiring loss calculating unit 23 derives the
wiring length of each wire in the temporary pin placement and
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calculates the wiring loss from the wiring lengths. FIG. 18 1s
an exemplary diagram of a process for calculating the wiring
length of wires. The wiring loss calculating unit 23 calculates
the wiring lengths using right angle bends and the minimum
number of bends. The wiring loss calculating unit 23 the
wiring loss of wires from the following equation (2) based on
the calculated wiring length and the printed board wiring loss
coellicient mputted as a condition. The wiring length calcu-
lation may also be conducted using functions from commer-
cially sold automatic wiring tools and the like.

Wiring loss (dB)=wiring length (m)xprinted board
wiring loss coeflicient (dB/m)

(2)

In step S4, the noise calculating unit 24 calculates the noise
generated at the corresponding connector from the wiring
loss and the temporary pin placement for each wire. The noise
calculating umit 24 may use an existing method to calculate
the noise generated at the corresponding connector. An
example of the process to calculate noise generated at the
corresponding connector 1s illustrated 1n FIG. 19.

FIG. 19 1s an exemplary diagram of a process to calculate
noise. The noise calculating unit 24 may calculate noise under
corresponding conditions from a database that indicates a
noise source and noise attenuation using the wiring loss and
noise generation ol a connector body. For example, in the
noise calculation process illustrated 1n FIG. 19, noise 1s cal-
culated according to a difference 1n the amplitude of the noise
source, a difference in the wiring length, and a difference 1n
the 1nput/output type.

Table 51 illustrates the amount of crosstalk at the pin posi-
tion of each connector. A corresponding net 1n the Table 51
represents the corresponding pin for calculating the amount
of noise. For example, “Type A: 19%” indicates an iput/
output type A pin that contributes 1% of the noise to the
corresponding pin.

The noise calculating unit 24 tallies the respective types in
the Table 31 to arrve at a total of 5% for type A and 7% for
type B. Further, the noise calculating unit 24 converts the type
A 5% total and the type B 7% total to a percentage of the total
amount of crosstalk and arrives at 42% for type A and 58% for
type B.

The noise calculating unit 24 equalizes the noise source
amplitude and wiring length based on the percentages and
then integrates the noise source amplitude and wiring length.
Then, the noise calculating unit 24 may derive a final noise
amount with a waveform simulation from a simplified model
according to the integration.

In step S5, the wavetform deterioration amount calculating,
unit 25 calculates the amount of wavelorm deterioration as an
index for judging wavetorm quality of each wire from both
the wiring length and the amount of noise. The amount of
wavelorm deterioration can be dernived by adding a value of
deterioration due to noise calculated 1n decibels using a com-

mon method, to the wiring length loss as illustrated 1n equa-
tion (3).

Amount of waveform deterioration (dB)=wiring loss
(dB)+deterioration due to noise (dB)

(3)

The value of deterioration due to noise calculated 1n deci-
bels using a common method can be dertved using equation
(4). The equation (4) can be used for derving a ditferential of
the allowable amount of waveform deterioration when noise
exists or does not exist. The input amplitude and the output
amplitude 1 equation (4) refer respectively to the input
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amplitude of the reception elements and the output amplitude
of the transmission elements.

(4)

Amount of deterioration (dB) due to noise =

mput amplitude(V') + noise(V)
20x 1o g( _ ] —
output amplitudegV)

mput amplitude(V)
20 X hjg( : ]
output amplitude(V)

The mput amplitude (V) can be dertved using equation (3).

[nput amplitude(V) = (5)

wiring loss(dB)
20

(output amplitude of transmission elements) X 10

FIG. 20 1s an exemplary diagram of a process to calculate
the amount of wavetform deterioration. The wavetform dete-
rioration amount calculating unit 23 calculates the amount of
wavelorm deterioration due to both wiring loss and the
amount of noise using addition as illustrated in FIG. 20.

In step S6, the evaluating unit 26 extracts the wire with
largest amount of deterioration from the calculated amount of
wavelorm deterioration of each wire, compares the extracted
amount of wavetform deterioration to the evaluation criteria
stored 1n the conditions DB 27 to conduct an evaluation. The
process to extract the wire with the largest amount of wave-
form deterioration from among the calculated amounts of
wavelorm deterioration of each wire may use, for example, a
MAX function included in a common program.

I1 the amount of wavelorm deterioration 1s below the evalu-
ation criteria (Acceptable), the evaluating unit 26 evaluates
the wavelorm deterioration amount as acceptable and deter-
mines that the current temporary pin placement is the final pin
placement. Furthermore, if the amount of wavetform deterio-
ration exceeds the evaluation criteria (Not acceptable), the
evaluating unit 26 evaluates the amount of waveform deterio-
ration as not acceptable and proceeds to step S7.

In step S7, the pin placement generating unit 22 extracts the
pin with the lowest amount of noise as the replacement pin for
the PIU 1n which the wire that 1s evaluated 1n step S6 to have
an amount of waveform deterioration exceeding the evalua-
tion criteria 1s included. The pin placement generating unit 22
replaces the pin for which the amount of wavelform deterio-
ration exceeds the evaluation critenna with the extracted
replacement pin. If there are multiple connectors housed
therein, the pin placement generating unit 22 conducts the
process 1n step S7 for the respective connectors with wiring
that 1s evaluated 1n step S6 as having an amount of waveform
deterioration that exceeds the evaluation criteria.

FIG. 21 1s an exemplary diagram of processing before the
process 1n step S7. FIG. 22 1s an exemplary diagram of pro-
cessing aiter the process m step S7. In FIG. 21, a pin 66 of a
corresponding connector 61 1s connected to a destination
connector 62 by a wire 64. Further, in FIG. 21 a pin 67 of the
corresponding connector 61 1s connected to a destination
connector 63 by a wire 65.

The amount of wavetform deterioration of the wire 64 1s
evaluated as exceeding the evaluation criteria. The pin place-
ment generating unit 22 extracts, for example, the pin 67 with
the lowest amount of noise as the replacement pin 1n the
corresponding connector 61 to which the wire 64 that is
evaluated as having an amount of waveform deterioration that
exceeds the evaluation criteria, 1s connected. The pin place-
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ment generating unit 22 replaces the pin 66 for which the
amount of waveform deterioration exceeds the evaluation
criteria with the extracted replacement pin 67.

In FIG. 22 that 1llustrates the process after step S7, the pin
66 of the corresponding connector 61 1s connected to the
destination connector 63 by the wire 65. Further, in FIG. 22,
the pin 67 of the corresponding connector 61 1s connected to
the destination connector 62 by the wire 64. In this way, the
pin placement generating unit 22 replaces the pin in which the
amount ol wavelorm deterioration exceeds the evaluation
criteria with the pin with the lowest amount of noise.

In step S8, the evaluating unit 26 re-calculates the amount
of wavelorm deterioration of both wires for the replaced pins
of the connectors. The evaluating unit 26 evaluates the
replacement as effective 1t both of the amounts of waveform
deterioration of the wires are below the amount of wavelform
deterioration of the wire with the largest amount of wavetform
deterioration extracted in step S6, and returns to step S6.
Further, the evaluating unit 26 evaluates the switching as not
clfective 11 at least one of the amounts of wavelorm deterio-
ration of the wires exceed the amount of wavetform deterio-
ration of the wire with the largest amount of waveform dete-
rioration extracted in step S6, and advances to step S9.

FIGS. 23A and 23B are exemplary explanations of the
evaluation processing in step S8. FIG. 23 A 1llustrates results
ol calculations of the amount of wavetform deterioration and
the conditions before the replacement of the pins by the pin
placement generating unit 22. The largest amount of wave-
form deterioration among the amounts of waveform deterio-
ration of the wires before the replacement of the pins 1s 12.9
dB which exceeds the evaluation criteria of 12.0 dB.

FI1G. 23B illustrates results of calculations of the amount of
wavelorm deterioration and the conditions after the replace-
ment of the pins by the pin placement generating unit 22. The
largest amount of wavetorm deterioration among the amounts
of wavetform deterioration of the wires after the replacement
of the pins 1s 11.6 dB. The evaluating unit 26 evaluates the
replacement of the pins as etlective since the largest amount
of wavelorm deterioration after the replacement of the pins 1s
11.6 which 1s lower than the largest amount of waveform
deterioration before the replacement of the pins.

In step S9, the pin placement generating unit 22 extracts a
new replacement pin that has the next lowest amount of noise
compared to the amount of noise of the current replacement
pin, and then returns to step S8.

In the above-mentioned embodiments, the evaluations
occurring in step S6 to step S9 occur using a general index that
considers both the wiring loss and the amount of noise. By
contrast, the accuracy of the evaluations occurring in step S6
to step S9 can be improved by conducting a waveform simu-
lation. Furthermore, freedom in selecting improvement strat-
egies can be improved when conducting wavelform simula-
tions since the effects of transmission and reception element
loss compensation functions such as pre-emphasis and equal-
1zation can be incorporated.

FI1G. 24 illustrates an exemplary explanation of evaluation
processing 1n steps S6 to S9 using wavelorm simulation. In
the example 1n FIG. 24, an eye pattern 76 of an input pin can
be dertved by using a model output program 71, a noise
calculation program 72, and a library 73 to create desired data
74 1n a wavelorm simulation, and then iputting the data 74
into a wavelform simulator 75.

The eye pattern 76 1s represented by a mask 77 and noise
78. An eye pattern 76 in which noise 78 does not overlap the
mask 77 represents an allowable amount of wavetorm dete-
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rioration. An eye pattern 76 1in which noise 78 overlaps the
mask 77 represents an unallowable amount of wavetform dete-
rioration.

In the above-mentioned embodiments, a pin with the mini-
mum amount of noise replaces the pin that has the largest
amount of waveform deterioration among the pins for which
the amount of wavelform deterioration exceeds the evaluation
criteria. Then the eflect of the replacement of the pins is
evaluated for the temporary pin placement. By contrast, in the
process 1n step S7, the calculation steps can be reduced and
the time can be shortened by replacing all the pins for which
the amount of wavelorm deterioration exceeds the evaluation
criteria, with the same number of pins with less amounts of
noise.

FIG. 25 1llustrates an example of a process of replacing all
the pins with an amount of wavetorm deterioration exceeding
the evaluation criteria with the same number of pins with less
amounts of noise. FIG. 25 1llustrates examples of pins 1n an
order 1n which the pins that exceed the evaluation criteria are
ranked 1n the first to the third positions. In FIG. 25, the top
three ranking pins are replaced with the same number of pins
for which the amount of wavetform deterioration 1s below the
evaluation criteria (for example, the bottom three ranking
pins).

FIG. 26 1s an exemplary flowchart illustrating another pro-
cess of the pin placement determining device of the present
embodiment. Since the flowchart illustrated 1n FIG. 26 1s
similar to the flowchart illustrated 1n FIG. 3 except for some
parts, explanations of the similar parts will be appropnately
omitted.

In the flowchart in FIG. 26, a temporary pin placement
determined by a user 1s set as an 1nitial value and the amount
of wavelorm deterioration 1s improved through replacement
of the temporary pin placement. In the flowchart 1llustrated 1n
FIG. 26, processing time can be shortened by using a pin
placement 1n, for example, a similar printed board.

In step S21, the condition mput unmit 21 accepts the input of
connection information, PIU placements, basic pin place-
ment rules, evaluation criteria, printed board wiring loss coet-
ficients and other conditions as well as a temporary pin place-
ment from the user, and stores the inputted conditions in the
conditions DB 27. The processing from step S22 onwards 1s
similar to steps S3 to S9 1llustrated 1n FIG. 3 and the descrip-
tion will be omaitted here.

Using the pin placement determining device 1 of the
present embodiment, the generation of user reworking can be
suppressed by determining a connector pin placement using
an evaluation criteria for evaluating the amount of waveform
deterioration considering both wiring loss and the amount of
noise.

The pin placement determining method of the present
embodiment may be achieved by an online service or the like.
The pin placement determiming program of the present
embodiment may be supplied using package software or
downloading and the like. The pin placement determining
program of the present embodiment may implemented by a
batch file function or the like.

All examples and conditional language recited herein are
intended for pedagogical purposes to aid the reader 1n under-
standing the principles of the mvention and the concepts
contributed by the inventor to furthering the art, and are to be
construed as being without limitation to such specifically
recited examples and conditions. Although the embodiments
of the present inventions have been described in detail, 1t
should be understood that various changes, substitutions, and
alterations could be made hereto without departing from the
spirit and scope of the invention.
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The mvention claimed 1s:

1. A pin placement determining method enabled by a com-
puter, the method comprising:

calculating, using a computer, a wavelorm deterioration

amount of wires from a noise amount of the wires and
wiring loss of the wires, the wires being coupled to a
connector on a printed board;

comparing the calculated waveform deterioration amount

of the wires to an evaluation criteria;

evaluating the wires 1n which the waveform deterioration

amount exceeds the evaluation criteria; and

replacing corresponding pins of the connectors to which

the wires that have been evaluated as exceeding the
evaluation criteria are coupled with replacement pins of
connectors that have a low noise amount whereby the
wavelorm deterioration amount 1s evaluated as being
lower than the evaluation criteria.

2. A non-transitory computer-readable storage medium
storing a pin placement determining program which when
executed by a computer causes the computer to execute:

calculating a waveform deterioration amount of wires from

a noise amount of the wires and wiring loss of the wires,
the wires being coupled to a connector on a printed
board:

comparing the calculated waveform deterioration amount

of the wires to an evaluation criteria;

evaluating the wires 1n which the waveform deterioration

amount exceeds the evaluation criteria; and

replacing corresponding pins of the connectors to which

the wires that have been evaluated as exceeding the
evaluation criteria are coupled with replacement pins of
connectors that have a low noise amount whereby the
wavelorm deterioration amount 1s evaluated as being
lower than the evaluation criteria.

3. The non-transitory computer-readable storage medium
according to claim 2, wherein the calculating the waveform
deterioration amount includes calculating the wavetform dete-
rioration amount by adding a numerical value of the noise
amount converted to decibels to the wiring loss.

4. The non-transitory computer-readable storage medium
according to claim 3, wherein the computer further executes:

calculating a wiring length of each wire from connection

information, and

calculating wiring loss of each wire according to the wiring

length and a wiring loss coelficient of the wiring on the
printed board.
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5. The non-transitory computer-readable storage medium
according to claim 4, wherein the computer further executes:
calculating a noise amount generated at a connector
coupled to each wire from a pin placement of the con-
nector and the wiring loss.

6. The non-transitory computer-readable storage medium
according to claim 3, wherein the replacing the pin place-
ments includes changing the replacement pins of the connec-
tor 1n order from the lowest noise amount, until the wavetform
deterioration amount of the corresponding pin of the connec-
tor coupled to the wire evaluated as exceeding the evaluation
criteria, can be evaluated as being lower than the evaluation
criteria.

7. The non-transitory computer-readable storage medium
according to claim 3, wherein the computer further executes:

determining a temporary pin placement of the connector
according to a basic pin placement rule selected from a
choice of being adjacent to a different wiring group and
not being adjacent to a different wiring group.

8. The non-transitory computer-readable storage medium
according to claim 7, wherein the wiring group 1s determined
from at least one of a transmission direction of a wire, a type
of connector element, and a destination plug-in unait.

9. The non-transitory computer-readable storage medium
according to claim 3, wherein the evaluating includes evalu-
ating a wire 1 which the waveform deterioration amount
exceeds the evaluation criteria using wavelorm simulation.

10. A pin placement determining device determining a pin
placement of a connector, the device comprising:

a wavelorm deterioration amount calculation unit config-
ured to calculate a wavelorm deterioration amount of
wires from a noise amount of the wires and wiring loss of
the wires, the wires being coupled to a connector on a
printed board;

an evaluating unit configured to compare the calculated
wavelorm deterioration amount of each wire to an evalu-
ation criteria and evaluates wires 1n which the wavetform
deterioration amount exceeds the evaluation criteria;
and

a pin placement replacing unit configured to replace cor-
responding pins of the connector to which the wires that
have been evaluated as exceeding the evaluation criteria
are coupled, with replacement pins of connectors that
have a low noise amount so that the waveform deterio-
ration amount 1s evaluated as being lower than the evalu-
ation criteria.
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